An outdoor exposure-testing program for architectural coatings was conducted in Tsukuba from 1987-1997. Observed gross retention of samples set horizontally, 5-deg. south and 30-deg. south was on average severer than that of 90-deg. south, while the conditions of 90-deg. north are more moderate. The lightness of white samples decreased during the early part of the fi rst year and was almost constant, thereafter. Delta L * of 90-deg. south and 90-deg. north is smaller than that of horizontal, 5-deg. south and 30-deg. south.
Introduction
Many Japanese researchers have carried out tests on exposed building coating systems and have reported the results of natural weathering tests (Iwai et al. 1991 -, ULMA 2001 , BRI & JBCMA 1990 , JPMA 1997 , 1998 , JWTC 1992 -2004 . Recently, outdoor exposure sites located in China and Korea have started a service to survey the durability of industrial products including building elements and materials.
The durability of architectural coating systems varies according to building elements such as fl at or pitched roofs and vertical walls facing in individual directions. The testing results of outdoor exposure set at 30-deg. south standardized as the JIS K 5600 (1999) for paints needs to be transferred to predict the weatherability of coating systems used for actual buildings. The basic aim of this paper is to analyze the effect of exposure angle and direction.
Coating systems are exposed outdoors in various areas around Japan. The durability of coatings was evaluated based mainly on color change and gross retention by referring the solar UV dose. Previously, the authors (Hirata et al. 2002) reported about the gross retention and lightness change of building coatings set at south/north vertical positions with/without washing. Logarithm of gross retention was expressed as simple multi-regression function of meteorological elements; precipitation, ambient temperature and horizontal solar ultraviolet energy.
In another outdoor exposure study on coatings organized by the Japan Weathering Test Center (JWTC 1992 (JWTC -2004 ), a durability prediction system was proposed to cite a carbonyl index of polyethylene fi lm (CIPE). A similar reference material standardized by JIS K 7200 (1986) was examined by one of the authors and the CIPE value was estimated for the whole testing period.
Another purpose of this study is to compare three analysis methods; UV dose, the CIPE method and Koike and Tanaka's equation, for the prediction of weatherability of paints, but dealing with the properties of exposed samples.
Exposure Program Description 2.1 Sample
Samples of architectural exterior coating systems are as shown in Table 1 . Their durability was controlled by varying the composing resin types. In order to avoid the effect of color change of pigments, white samples containing titanium dioxide were examined in this paper. Exposed ones were prepared on bondtreated steel plates sized as 90mm×300mm.
Outdoor Exposure
The 
Test Results
Samples dismounted from racks were measured for their lightness (CIE L*) by a color meter, (Minolta CR300). After removing dust from the surface with a wool roller under fl owing tap water, as shown in the paint manufacturer's manual, 60-deg. gross (G) was monitored by a gross meter, (BYK Microtrigross). Data collected at three points on each sample were averaged.
Discussion
Data of vertically exposed samples during the first four years were shown in the author's previous paper (Hirata 2002) . Data regarding the 10-year weatherability of coating samples composed of various resin types are kept.
Gross Retention
The gross versus elapsed time is plotted in Fig.  1 ., while the difference between samples has been reported previously. The gross of FE did not decrease for ten years. On average, it was observed that gross retention is faster in the case of H, 5/S and 30/S than that of 90/S, which is faster than 90/N. The intensity level of solar UV radiation shall be regarded to explain the effect of exposure angle and direction. The rate of gloss retention during the fi rst four years was greater than that of the past six. The surface of the vehicle was roughened during the earlier weathering stage and pigment was reduced thereafter.
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Lightness
Delta L* is shown as Fig.2 . Generally, after one year has passed, lightness was almost constant. A decrease in the lightness of the white sample cannot be caused by chalking. As the samples are colored white, the change of lightness may be caused by the adhesion of dust and by washing by rain. The values of delta L* of every sample at a vertical plane, 90/S and 90/N, are almost the same and are less than those on 30/S, 5/S and the horizontal position. The difference of "time of wetness" or "remaining time of water holding dust" on the surfaces set at varied angles have a great infl uence.
Effects of degradation factors
The fundamentally important factors of a weathering test are solar UV, heat/temperature and moisture. Gross retention may be expressed as a function of the effects of degradation factors. The authors tried to apply the following three analytical methods.
1) Amount of solar ultraviolet radiation
Conventionally, weatherability in outdoor exposure is analyzed by citing solar ultraviolet (UV) dose. UV radiation can be accumulated from hourly value estimated (Tomiita 2000a ) based on hourly solar energy at BRI (1987) (1988) (1989) (1990) and at neighboring JMA's Tateno observatory (1991) (1992) (1993) (1994) (1995) (1996) (1997) in relation to the location of the sun in the sky. The amount of solar UV energy is shown in Table 3 .
Based on the theory of primary chemical reaction rate, plots of logarithm of the ratio of G to initial G 0 of each exposed condition may be assumed on a line for ten years (shown in Fig.1.) .
Coefficients of the correlation between 1n (G/G 0 ) and total UV dose are shown in Table 4 . 2) CIPE method WTC's research project (1991-) focused on the durability of paints, proposed the use of a polyethylene (PE) reference fi lm, which is representative of outdoor degradation factors, solar UV and heat/temperature. PE film is a chemical dosemeter specified as JIS K 7200 and can be exposed beside objective testing samples. Unstable PE film containing double bonds in a polymeric chain is oxidized to form carbonyl units (>C=O). The carbonyl index of PE fi lm (CIPE), determined as the ratio of absorbance of carbonyl unit (1715 cm -1 ) to that of methylene (-CH 2 -, 2020 cm -1 ) is obtained from infrared absorbance spectra.
Color difference and gross retention of some coating samples exposed at JWTC's Choshi and Miyakojima Photo.1. Outdoor Exposed Samples in Tsukuba Table 5 . Monthly CIPE set horizontally at 30/S and 90/S was Table 5 .
The logarithm of the ratio of G to initial G 0 versus CIPE is plotted in Fig. 3 . Three lines of the early gross retention of SOP may overlap each other and may be expressed by a straight line, while the plots of other samples are separated by the exposing conditions. The results of trials applying the CIPE method for the BRI exposure test contain valuable information to assist in the search for other reference materials (Yoshida 2003) . The correlation factors between ln (G/G 0 ) and CIPE are listed in Table 4 . 
Analyses for initial four years
Considering that early gross retention might be caused by deterioration of the vehicle, the collected data for four years was discussed by applying three analytical methods. The results are shown in Table 6 . Compared with the CIPE method or total UV dose, the largest value of coefficient of correlation is obtained by using Koike and Tanaka's equation except UE. A decrease from the corresponding values for a period of ten years, as shown in Table 4 , might result from the increased number of samples set horizontally, which were subjected to a longer wetting period.
The Tables 4 and 5 will be revised in the future. (Tomiita 2000b (Tomiita , 1989 .
obtained test results are open to further d i s c u s s i o n o n m o i s t u r e d e g r a d a t i o n a n d t h e experimental constants shown in
The optimized values of C, and obtained coefficients of correlation are compared in Table 4 . Greater value of correlation factor is achieved by Koike and Tanaka's equation compared with application of the CIPE method or total UV dose. The samples have their characteristic sensitivity to UV radiation and temperature for degradation, which differs from the effect to generate carbonyl unit in polyethylene fi lm. Koike and Tanaka's equation is more appropriate than the traditional concept to cite total UV dose. Koike and Tanaka's equation to represent the synergistic effect of solar UV and temperature is more useful than the CIPE method using polyethylene fi lm or the traditional concept referring to UV dose.
